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Lithological, geophysical, paleontological and 
geochemical methods were used in order to define the contact 
relationship between the Keasey and the Cowlitz formations 
in northwestern Oregon. Drill cuttings from six wells 
located in Columbia County were analyzed by the Instrumental 
Neutron Activation Analysis (INAA) method. The 
concentrations of K, Th, Rb and Sc/Co ratio in the samples 
established four different groups: 1) High K, Rb, and TH, 
with low Sc/Co ratio typical of Cowlitz sediments. 2) Low 
K, Th and Rb and high Sc/Co ratio, more characteristics of 
the Keasey Formation. 3) Very low concentrations of Rb and 
high Sc, which is indicative of basaltic volcanism. 4) 
vertically varying K, Th and Rb concentrations. The 
provenance of group four is uncertain, but it may represent 
reworked sediments or the interf ingering of the Keasey and 
the Cowlitz formations. Plots of these elements vs. depth 
define the geochemical contacts between the formations. 
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The contact was also determined by interpretations of 
geophysical logs, the gamma ray log being the most useful. 
This log responds to chemical differences between the 
Cowlitz Formation and the Keasey Formations or local 
volcanic sediments. The apparent interfingering of these 
two formations is observed in wells drilled off the Nehalem 
arch of Armentrout and Suek (1985). In the upper part of 
the arch the Cowlitz Formation has been eroded. Therefore, 
the contact between the Cowlitz and the Keasey formations 
can be defined as conformable where they apparently 
interfinger and unconformable where erosion or nondeposition 
is evident. 
The contact between the Keasey and Cowlitz formations, 
as interpreted from the geochemical data and gamma ray logs, 
is the same and seem to reflect a lithologic break. 
3 
However, the paleontological time boundary between the 
Refugian and Narizian stages does not coincide with the 
formational boundary in all the wells, but occurs within the 
Keasey Formation. Therefore, Keasey Formation was deposited 
during both Narizian and Refugian time. In localities where 
the geochemical, paleontological, and lithological contacts 
coincide an unconformity is defined. 
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INTRODUCTION 
Northwestern Oregon has been the focus of intensive gas 
and petroleum investigation since the discovery of economic 
quantities of natural gas in the Clark and Wilson sandstone 
unit of the upper Eocene Cowlitz Formation by Reichhold 
Energy near Mist Oregon in 1979 (Newton, 1979; Armentrout 
and Suek, 1985). 
The Cowlitz Formation consists of two units: the first 
is a basal fine grained arkosic sandstone containing small 
flakes of mica, which is named the Clark and Wilson sand and 
which is the gas reservoir in the Mist Field (Columbia 
County) ; the second is an overlying unnamed sequence of 
siltstone and sandstones (Newton,1979; Bruer and 
others,1984; Armentrout and Suek 1985; Niem and others 
1985). The Cowlitz Formation is overlain by the Keasey 
Formation which consists of tuffaceous mudstone and 
siltstone with minor volcaniclastic sandstone. 
The contact relationship between the Cowlitz Formation 
and the Keasey Formation has been described as unconformable 
in both surface and subsurface sections based on lithology, 
the abrupt change from Narizian to Refugian microfauna, and 
geophysical logs (Newton, 1979; Van Atta, 1971; Armentrout 
and Suek, 1985; Niem and others, 1985). However, Harry John 
Meyer from Oregon Natural Gas (personal communication, 1989) 
2 
observed an interbedding relationship in one core and in the 
gamma log from a well in the Mist field. Leonard Farr 
(1989) describes the contact as conformable to slightly 
disconformable, based on the gradational compositional 
changes between the Cowlitz and Keasey formations in several 
localities in the southwest corner of Clatsop County. 
Because the Clark and Wilson sandstone of the Cowlitz 
Formation represents the gas reservoir in the Mist area, and 
the upper mudstone and siltstone member of the Cowlitz and 
Keasey formations the seal, the contact between these two 
units is critical for petroleum exploration in Oregon. 
PURPOSE 
A stratigraphic cross section of northwestern Oregon 
was published in 1984 by the Northwest Oregon sub-committee 
of the Pacific Section of the American Association of 
Petroleum Geologists (AAPG) Committee on cross sections 
(Bruer and others, 1984), based on lithologic, paleontologic 
and well log correlations. This cross section extends from 
the Astoria area through Mist, to Portland and south along 
the Willamette Valley. 
The purpose of this investigation is to analyze in 
detail a critical part of the (AAPG) cross section from 
Clatsop county to Washington County (1984) in order to 
define the contact between the Cowlitz and Keasey formations 
and its relation to the Refugian/Narizian biostratigraphic 
boundary. 
The following techniques were used to address this 
problem: 
a) study of the lithology of well cuttings 
b) critical review of available paleontological data 
c) detailed analysis of well logs (mud, electric, SP, 
gamma, and others) 
d) analysis of certain major and trace element 
concentrations in the samples by neutron activation 
analysis. 
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For this investigation, I used some of the well logs 
and samples used by the AAPG committee, and also several 
well logs and samples that were drilled in the area after 
the cross section was published. Well data and samples were 
provided by Oregon Natural Gas Development Corporation, and 
the Department of Geology and Mineral Industry of Oregon 
(DOGAMI). 
The study covers the lower Columbia River area which 
includes the Astoria basin near the coast and the upper 
Nehalem River basin to the east, as well as the northern 
Willamette Valley basin, bordered on the west by the Coast 
Range and on the east by the Cascade Mountains. The 
locations of the wells are shown in figure 1. Most of them 
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A OREGON NATURAL GAS DEVELOPMENT CO. 
Patton #32-9 
Olney Area, NE Sec 9,T7N-R8W 
l,500 1 FNL; 2,000' FWL 
Elev. 752 • KB 
B DIAMOND SHAMROCK CORP, 
Clatsop County 133-11 
F ishhawk Creek Area, SEl/ 4 Sec.: 11, T6N··R6W 







ARCO OIL ANO GJl.S COMPANY 
Coluru.bia <:ounty f31-8 
Mist Gas Field, NEl/4 Sec 8,T6N-RSW 
660' FNL; l,liOS' FEL 
Elev. 715' Gr 
OREGON NAT!JRAL GAS 
IW-220-10 
Mist Gas Field, Sec 10, T6N-R5W 
FW corner, 285 1 N; 2516'E 
Elev. 798.8' KB 
REICHHOLD LN£RGY CuRP, 
Columbia County #32-tO _ 
Mist Area, ~El/4 Sec 10, T6N-R5W 
2,181' FNL; 1,745' FEL 
Elev. 817 KB. 
REICHHOLD ENERGY CORP. 
Columhia County #l RD #1 
"'' 
Mist Gas Field, NWl/4 Sec ll, T6N-R5W 
From center of sec. 310' N; 812' w 
Elev. 1,031' KB 
G 
H 
~"""' ./ -.... ;-
AMERICAN QUASAR PETROLEUM CORP. 
Longview Fiber #25-33 
Mist Ared, SEl/4 Sec 25, T6N-R5W 
1,686' FSL; 1,464 1 FEL 
ElP.V. 790 I KB 
AMERICAN QUASAR PETROLEUM CORP. 
Crown Zellerbach #30-33 
Mist Area, SEl/4 Sec JO, T6N-R4W 
1,493' FSL; 819' FWL 
Elev. 853' KB 




F.lCHHOLD ENERGY CORP. 
~own Zellerbach 134-26 
ittsburg Area, SEl/4 Sec 26,T5N-R4W 
rom center od sec. 1255' S; 632' E 
1ev. 898' KB 
. J'. TCHHOLD ENERGY CORP. 
dcown Zellerbach #2 
~i/4 Sec. 4, T4N-R3W 
tom Wl/4 corner 159' s: 427' E 
lev. 689' KB 
XXON COMPANY - USA 
cl.~>. E. Federal Comp. # 1 
Bw~ker Hill Area, SE1!4 Sec J, T4N-R3W 
8 .'..: I F.<;L; l. 960 I FEL 
E'ile 'J. 1, 760' KB 
N /\! !'ERICAN QUASAR PETROLEUM COMFAN'i. 
H1.J.:1a F.T AL No 5-23 
1-lil..i.' nort!1 & 1964 east ;:lf the southwest of: 
s~~ 5, T6N, R4W. 
E,lev. l,500 KB 
WASHINGTON! : otm'l'i 
L ~l'.': TEXAS CO. 
C1~per Mountain 11 
· B , ;vect:un Area, SEl/4 Se~ 25,TlS-R2W 
E .'. :. v. 7 8 3 ' KB 
MARION COO ~i1'Y 
M ~; ! ClfHOLD ENERGY CORP, 
\o<l~ rn?.r #14-21 
s : . . Louis Area, SW 1/4 Sec 21,TSS-R2W 
5 ;1• FSL; 550' FWL 




The geology of northwestern Oregon was first examined 
by Dana (1849). Diller (1896) described the dark shales 
with abundant volcanic material exposed in cliffs along Rock 
Creek (now the Keasey Formation) and determined it to be 
Eocene based on fossil content and the overlying 
fossiliferous sandstone of the Pittsburg Bluff Formation. A 
geologic map of northwestern Oregon was published by Warren, 
Norbisrath and Grivetti, of the U.S.G.S. in 1945 as part of 
an oil and gas exploration project. Warren and Norbisrath 
(1946) described the Tertiary stratigraphy of the upper 
Nehalem River basin in northwestern Oregon, dividing it into 
the Tillamook Volcanic Series, Cowlitz, Keasey, Pittsburg 
Bluff, and Scappoose formations each separated by an 
unconformity. The Siletz River Volcanic Series and its 
relationship to the Tillamook Volcanic Series in 
northwestern Oregon was studied by Snavely and Baldwin 
(1948). Deacon (1954) re-examined the definition of the 
Keasey and Cowlitz formations at Rock Creek. He proposed 
that the name Cowlitz be dropped for Eocene strata in 
northwestern Oregon and that the late Eocene strata be 
called the Rocky Point Formation in the upper Nehalem basin. 
Wells and Peck (1961) compiled a geologic map of Oregon west 
of the 121st meridian, and differentiated the Miocene 
basalt, Eocene volcanics, Cowlitz Formation, and Astoria 
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Formation. In 1964, Bromery and Snavely analyzed gravity 
and aeromagnetic data and provided information about the 
thickness, depth of burial, and subsurface distribution of 
the lower to middle Eocene volcanic rocks in northwestern 
Oregon. Newton (1969) published a complete report of the 
subsurface geology of the lower Columbia and Willamette 
basins. Here the subsurface stratigraphy and well 
correlation of each particular basin was studied in detail. 
The sedimentary petrology of some Tertiary formations in the 
upper Nehalem River basin was studied by Van Atta (1971). 
In 1973, Beaulieu published a regional study of potential 
geologic hazard of eastern Tillamook and Clatsop counties. 
He divided the Eocene volcanic rocks of inland Tillamook and 
Clatsop counties into three units. Newton and Van Atta 
(1976) described the stratigraphy of the area in their 
report of prospects for natural gas production and 
underground storage of pipe-line gas in the upper Nehalem 
River basin, Columbia and Clatsop counties. The subsurface 
correlation in the Mist area was published by Newton in 
1979. Kadri (1982) described the stratigraphy of the Mist 
area and distinguished the Keasey Formation from the 
underlying Cowlitz Formation on the basis of lithology and 
geochemistry. Thoms and others (1983) described the 
stratigraphy and the paleontology of the Yamhill, Spencer, 
Pittsburg Bluff, and Astoria formations in the western 
Tualatin Valley south of the upper Nehalem River basin. 
Armentrout and others (1983) published a stratigraphic and 
chronological correlation for western Oregon and western 
Washington as part of the AAPG COSUNA project. The most 
recent work in the Clatsop, Columbia and Tillamook counties 
has been done by graduate students of Oregon state 
University under the guidance of Dr. Alan Niem and by 
graduate students of Portland State University under the 
guidance of Ors. Robert Van Atta and Richard Thoms. 
GENERAL STRATIGRAPHY OF THE STUDY AREA 
Armentrout and suek (1985) in describing the 
stratigraphy of northwestern Oregon, divided the rocks into 
four unconformity-bounded sequences, each representing a 
tectonically-controlled depositional cycle. 
The oldest sequence consists of volcanic and 
sedimentary rocks which are assigned to the lower to middle 
Eocene Siletz River Volcanics, the middle Eocene Tillamook 
Volcanics and middle Eocene Yamhill Formation, which later 
has been informally called Hamlet formation by Niem and 
others (1985) and Rarey (1988). 
7 
These rocks are overlain by a second sequence which 
includes middle Eocene Cowlitz, upper Eocene-lower Oligocene 
Keasey, lower Oligocene Pittsburg Bluff and upper Oligocene 
to Miocene Scappoose Formation, which is a sedimentary 
sequence with subordinate interfingering volcanics. This 
mid-Tertiary unconformity-bound package consists of forearc 
8 
sedimentary rocks and locally derived arc-related volcanics. 
These rocks were deposited in a shelf margin basin where 
they are conformable within depositional lows and 
unconformable along structural highs. 
The third unconformity-bound sequence consists of 
basalt of the Columbia River Basalt Group interbedded with 
the fluvial and marine sediments of the Miocene Scappoose 
and Astoria formations. 
After the end of middle Miocene time, compressive 
forces caused folding of marine rocks in western Oregon. 
These folds trend mainly north to northeast. The Pliocene-
Pleistocene Troutdale Formation fluvial deposits were 
restricted to local downwarps along the river valley and to 
coastal embayments by the folds (Armentrout, 1985; Mckee, 
1972; Newton 1969). 
HYDROCARBON POTENTIAL 
The Mist gas field represents the only commercial gas 
producer in Oregon. It is located in Townships 6 and 7 West 
in Columbia County on a saddle formed by the Tillamook 
Highland to the south and the Willapa Hills uplift to the 
north. It is flanked on the west by the Astoria basin and 
on the southwest by the Tualatin basin, which is also known 
as northern Willamette basin (Olmstead, 1985). 
The Clark and Wilson sandstone of the Cowlitz Formation 
is the producing interval in the field, the productivity of 
9 
which is directly related to its mineralogy and depositional 
environment. It consists of micaceous-arkosic sandstone 
with a porosity range of 18-32%, averaging 25%, and a 
permeability range from 19 to greater than 1,500 md, 
averaging 200 md. These high values of porosity and 
permeability are attributed to the lack of volcaniclastic 
grains, thus causing a relative absence of authigenic pore 
filling minerals (Armentrout and Suek, 1985). The late 
Eocene transgressive shale of the upper Cowlitz and Keasey 
formations overlying the Clark and Wilson sandstone provides 
a stratigraphic seal of the reservoir. Faults also work as 
seals. 
Armentrout and Suek (1985) concluded that the gas in 
the Mist area was thermally generated, based on the gas 
wetness and 13C values and originated in the deepest part of 
the Astoria and/or Tualatin basin, with migration up to the 
the reservoir. The traps in the field area consist of 
closure against faults, shale encased sandstone 
stratigraphic traps, and canyon-filled shale seals of 
erosionally truncated reservoirs (Armentrout and Suek, 
1985). The Mist area contains at least 13 gas pools, the 
most important of which are the following: The Bruer pool 
(Columbia County well 1,3, and 6 Sec. 10 T6N, RSW), the 
Newton pool (Longview Fiber well 12-33 Redrill 1, Sec. 33, 
T7N, R5W), and the Flora pool (Columbia County wells 10 and 
33-3, Sec. 3, T6N R5W) (Armentrout and Suek 1985). 
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Total production of the Mist field since its discovery 
has been 37,069,330 Mcf. During the last year (Sept 1988 
through August 1989), total production was 2,701,425 Mcf 
(Northwest Oil Report, Oil/Gas and Geothermal Explorarory 
Activity, Vol.31 Nov 9/1989). 
REGIONAL LITHOSTRATIGRAPHY 
The following lithological description represents the 
stratigraphy of the study area penetrated by the wells used 
in this investigation. Please refer to Wells and Peck 
(1961) geologic map of western Oregon for regional geology. 
Figure 2 shows the regional stratigraphic correlation of the 
study area. 
TILLAMOOK VOLCANICS 
The middle to upper Eocene Tillamook Volcanics are the 
oldest rocks of the northwestern Coast Range, and represent 
the basement and core of the northward plunging anticlinal 
fold in northwestern Oregon. 
The Tillamook Volcanics consists of lower, middle and 
upper units. The lower unit is composed mainly of basaltic 
pillow lava, submarine breccias and tuff, and interbedded 
sedimentary rock. This lower pillow basalt is correlative 
with the pillow basalt of the lower Siletz River Volcanics 
of the central Oregon Coast Range and the Roseburg Formation 
of southern Oregon (Warren and others, 1945; Newton and Van 
Atta, 1976; Magill and others, 1981). The middle unit 
consists of tuffaceous siltstone, sandstone, basaltic tuff, 
pillow lavas and breccias. This unit probably is the 
equivalent of the uppermost Siletz River Volcanics, Yamhill 
--~~~~~...-~~...-~~~~~~~~~~~-.~~~~~~~~~~~--~--~~~~~~~~~~..-~~~~~~~~~~--...-~~~~~~~~~~~r-~~~~~~~~~~~-w 
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Data from: 1. Rarey, 1985, 2, 4, 5. Armentrout and others, 1983, 3. Farr, 1989. 
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Formation and Tyee Formation to the south (Magills and 
others, 1981). The upper unit is composed of subaerial lava 
flows which are high Ti02 tholeiite and andesite in 
composition. (Jackson, 1983; Safley, 1989). 
In the upper Nehalem Valley, the Tillamook Volcanics 
constitute the highland southwest of the Wolf Creek Highway 
and are discontinuously exposed northward. The thickness is 
about l,OOO feet. The middle section in this area consists 
of dense grayish black basalt and altered submarine flows 
which are in fault contact with the lower Cowlitz Formation 
(Newton and Van Atta, 1976). In the subsurface of Columbia 
County, the Tillamook Volcanics interfinger with arkosic 
sandstone and mudstone of the Yamhill Formation (Bruer and 
others, 1984). The Tillamook Volcanics are thought to be 
fissured flood-basalt or oceanic island basalt which erupted 
on the ocean floor (Magill and others,1981). Paleomagnetic 
investigation of the Tillamook Volcanics (1981) indicates 
that the magnetic field direction of this unit has been 
rotated 46 degrees clockwise from the expected direction 
(Magill and other,1981). 
HAMLET FORMATION (ALSO CALLED YAMHILL FORMATION) 
The basal conglomerate and mudstone sequence underlying 
the Clark and Wilson sandstone of the Cowlitz Formation and 
overlying the Tillamook Volcanics has been described and 
named by several investigators. The nomenclature used for 
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this unit differs from one author to another. In the Upper 
Nehalem basin, Warren and Norbisrath (1946), Van Atta (1971) 
and in Washington county, Jackson (1981), called this 
section the basal conglomerate and lower shale member of the 
Cowlitz Formation based on outcrop descriptions. In the 
Mist gas field area in the subsurface, Bruer and other 
(1984) called this section Yamhill Formation. Al-Azzaby 
(1980), and Thoms and others (1983) also gave this name to 
the sedimentary rock directly overlying the Tillamook 
Volcanics in Washington County. Rarey (1986), Safley 
(1988), Niem and others (1985), and Farr (1989) described 
the outcrop and subsurface lithology in the eastern Clatsop 
and southern Columbia and northern Washington counties and 
informally referred it as Hamlet formation. 
The Yamhill Formation crops out in Washington and 
Yamhill counties (Thoms and others, 1983; AL-Azzaby, 1980), 
and is believe by Bruer (Bruer and others, 1984) to be 
present in the subsurface of the Mist gas field area in 
Columbia County. The type section is along Mill Creek and 
the Yamhill River in the central Oregon Coast Range. The 
Yamhill Formation consists of bedded medium- to dark-gray 
mudstone and siltstone, with interbedded arkosic, 
glauconitic and basaltic sandstone (Al-Azzaby, 1980; Thoms 
and others, 1983). In the Mist area, two sandstone units 
have been recognized: The Clatskanie sand member and the 
Lower Yamhill sand member. The mudstone and arkosic 
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sandstones of the Yamhill overlie and interfinger with the 
Tillamook Volcanics, and toward the south unconformably 
overlie the Siletz River Volcanics (Bruer and others,1984). 
The Yamhill Formation mudstones may have potential as 
hydrocarbon source rock, and the Yamhill sandstone as 
reservoir rock (Armentrout and Suek, 1985). In the northern 
part of Oregon (Clatsop and north of Washington counties), 
the name Yamhill seems to be abandoned, and the name "Hamlet 
formation" is used for the rocks overlying the Tillamook 
Volcanics and underlaying the Cowlitz Formation (Rarey, 
1986: Farr, 1989) 1 
The provenance of the Yamhill Formation was a 
combination of a proximal tholeiitic basaltic source and 
more distal plutonic granitic terrain. The volcanic source 
is indicated by the abundance of basaltic rock fragments, 
brown hornblende and idiomorphic zircon. The foraminiferal 
assemblage indicates a Narizian Stage age for the Yamhill 
Formation. The depositional environment of the lower part 
of the Yamhill Formation has been interpreted as bathyal and 
the upper part as marginal marine (McKeel 1984, 1985). 
The Yamhill Formation has been intruded in many places 
by porphyritic augite basalt, with the vugs filled with 
calcite crystals. The age of these intrusions is probably 
late Oligocene or early Miocene (Al-Azzaby, 1980). 
In Washington County, the Yamhill Formation is overlain 
by the Spencer Formation which consists of two members: A 
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eastern Washington and Idaho, and transported via an 
ancestral Columbia River drainage to the shoreline (Rarey, 
1986). The Sunset Highway member could be equal to the 
Clatskanie sandstone of the Yamhill Formation which is named 
from its occurrence in the Clatskanie No. 1 well in Columbia 
County (Bruer and others ,1984), below the Clark and Wilson 
sandstone in the Mist area. 
The upper, Sweet Home Creek member is composed mainly 
of micaceous and carbonaceous silty mudstone and minor thin-
bedded turbidite sandstone deposited in a middle to upper 
slope environment. Warren and Norbisrath's (1946) lower 
mudstone of the Cowlitz Formation is equivalent to the Sweet 
Home Creek member of Niem and Niem (1985). The bathyal 
benthic foraminifera collected indicate a late Narizian age. 
The three members of the Hamlet formation reflect a gradual 
marine transgression over the Astoria basin (Niem and 
others, 1985). 
Regionally the Hamlet formation crops out in an arcuate 
pattern around the uplifted basement rocks of the Tillamook 
Volcanics in northern Tillamook, southern Clatsop, southern 
Columbia, and northern Washington counties (Safley, 1989). 
COWLITZ FORMATION 
The Cowlitz Formation in northwestern Oregon was first 
mapped by Warren and others (1945). It consists of 
sedimentary rocks composed of basaltic conglomerate, 
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siltstone, mudstone, sandstone and some intercalated 
volcanic fragments. It has a thickness of more than 300 
meters. On the basis of the lithology, warren and 
Norbisrath (1945) divided the Cowlitz Formation into four 
members: A basal conglomerate member, a lower shale member, 
a sandstone member and an upper shale member. 
The Cowlitz Formation crops out in eastern Clatsop, 
northern Washington and southern Columbia counties. It 
interfingers with the Tillamook Volcanics (Jackson, 1983). 
In the subsurface of the Mist field, the Cowlitz Formation 
has been restricted to two units by Bruer and others (1984), 
a sandstone unit and a mudstone unit. The sandstone unit is 
represented by two subunits called the Clark and Wilson sand 
(lowermost) and the Upper Cowlitz, separated by a dense 
claystone layer (Bruer, 1984). This restriction has been 
followed by Rarey, 1986; Niem and Niem, 1985; Safley, 1988, 
and Farr, 1989. 
The most abundant elastic constituents of these 
sandstones are 34 to 46% feldspar (plagioclase), 21 to 36% 
quartz (microcrystalline) and 4 to 14% mica (muscovite and 
biotite). Amphiboles, pyroxenes, and epidote group minerals 
are also present in the sand. Rock fragments constitute a 
small percentage volcanics being the most abundant (Van 
Atta, 1971; Jackson 1983; Timmons 1981). The two sandstones 
can be distinguished from each other based on petrology: The 
Clark and Wilson sand is rich in zircon, and the upper sand 
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is rich in epidote (Safley, 1988). ,The abundance of mica in 
the Cowlitz aids in distinguishing it from the overlying 
Keasey Formation which is poor in mica. 
Based on petrology, Van Atta (1971) reported a 
metamorphic and plutonic provenance for the Cowlitz 
Formation. Later investigators such as Jackson (1983), 
Timmons (1981), Nelson (1985), Newton and Van Atta (1984), 
Olbinski (1983), and Farr (1989) agreed with this 
interpretation. The potential sources for the sediments are 
in the north Cascades of Washington, the Idaho Batholith, 
and the Blue Mountains, transported by an ancestral Columbia 
·' River to the forearc basin in which the Cowlitz Formation 
' 
was accumulated. Longshore currents could have 
redistributed the sediments to the north and south of the 
river mouth (Van Atta, 1971). 
Contact relationship 
The Clark and Wilson sandstone unconformably overlies 
the Hamlet formation along the Clatsop-Columbia county line 
where the Cowlitz Formation is approximately 200 m thick. 
The Cowlitz Formation appears to thin and pinch out to the 
west in the deep marine mudstone of the Sweet Home Creek 
member of the Hamlet formation in the western part of 
Clatsop County (Nelson,1985; Safley, 1988). Niem and Niem 
(1985) considered the Cowlitz Formation to unconformably 
overlie the Sweet Home Creek member. Farr (1989) suggested 
a conformable relationship in his study area where the 
Cowlitz Formation and the Hamlet formation have similar 
structural attitudes and similar composition. 
The contact between the Cowlitz Formation and the 
overlying Keasey Formation has been interpreted variously 
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as conformable, disconformable, and angularly unconformable. 
In the subsurface in the Mist gas field, the contact has 
been described as unconformable. Since the contact in the 
subsurface can not be located on the basis of the lithology 
of well cuttings, this interpretation is based on the abrupt 
changes from Narizian to Refugian microfauna between the 
Cowlitz and the Keasey, as well as the irregularity of the 
base of the Keasey Formation as shown by seismic reflection 
data (Jack Meyer, personal communication, 1989). This 
paleontological criterion does not agree with The North 
American Code of Stratigraphic Nomenclature which defines 
"formation" in article 24 as a rock body, identified by 
lithic characteristics and stratigraphic position, which is 
prevailingly but not necessarily tabular and is mappable at 
the earth's surface and traceable in the subsurface. An 
interf ingering relationship has been suggested by Jack Meyer 
(personal communication, 1989) based on core descriptions, 
and by mud and geophysical logs. Farr (1989), in his field 
area about 12 kilometers south of the Mist field described a 
conformable to slightly conformable relationship between the 
Keasey and the Cowlitz outcrops based on the lithology. In 
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this area, the arkosic sandstone at the top of the Cowlitz 
Formation is differentiated from the basaltic and 
glauconitic sandstone at the base of the Keasey Formation. 
The composition change appears to be gradational. Timmons 
(1981), also observed a gradational contact over a thickness 
of 40 meters, grading from fine grained arkosic sandstone of 
the upper Cowlitz to glauconitic and tuffaceous mudstone and 
siltstone of the lower Keasey Formation. Seismic reflection 
data have been interpreted as showing an angular 
unconformity (Jack Meyer, personal communication, 1989). 
Depositional Environment 
The depositional environment of the Cowlitz Formation 
has been the subject of several interpretations, especially 
for the Clark and Wilson sandstone, which is the reservoir 
unit of the Mist gas area. Van Atta (1971) suggested that 
the sediments were deposited in a near-shore marine and a 
high energy environment. A bathyal deep channel model was 
postulated by Bruer (1980}, analogous to the deep water 
sands of the modern Strait of Juan de Fuca in northwestern 
Washington, with the sand deposited in deep water between 
volcanic highs in a narrow channel. These sands were later 
reworked by strong currents (Olmstead, 1985). Timmons 
(1981} suggested a near shore, wave dominated, energetic and 
open marine environment. A marine transgression may have 
formed sheet sand deposits (Farr, 1989}. McKeel (1980) 
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conducted a paleontological study on the Texaco Cooper 
Mountain #1 well in the south Tualatin basin (see figure 1 
for location), and concluded that the Narizian environment 
was an open marine and near shore environment, and 
identified two transgressions in the lower Narizian. These 
marine transgressions would have also resulted in the 
transgression of nearshore sand deposits (Shaw, 1986). Shaw 
(1986) suggested an upper bathyal model for the upper 
Cowlitz sand which is in conformity with the water-depth 
determination of outer neritic depth, or bathyal depth. 
Jackson (1981) interpreted the depositional environment as 
near shore marine to brackish water. Alger (1985) 
interprets the sand as nearshore, predominately shallow 
water shelf. The most recent work has been done by Farr 
(1989), who concluded a deltaic depositional environment. 
The deposition of the Cowlitz Formation ended abruptly with 
very active tectonism and erosion (Timmons, 1981). 
KEASEY FORMATION 
The Keasey Formation consists of a dark to medium gray 
siltstone and massive tuffaceous gray mudstone (Van Atta, 
1971). It is exposed at the surface in southeast Clatsop, 
and through much of Columbia, Tillamook and Washington 
counties. 
In the upper Nehalem River basin, Warren and Norbisrath 
(1946) divided the Keasey Formation into lower, middle, and 
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upper members. The lower member consists of dark shale, the 
thickness and composition of which vary from place to place. 
The best exposure is on Rock Creek. The middle member is 
composed of light gray, unstratified, tuffaceous siltstone, 
with some hard calcareous beds. It is best exposed along 
Rock Creek and in the bank and hillside along the Nehalem 
River. The upper member consists of from 100 to 200 feet of 
interbedded claystone, tuffaceous siltstone, and tuff bands. 
The upper member is best exposed in Washington County and 
near the town of Vernonia. Primary structures in the Keasey 
include cross lamination, ripple lamination, and 
bioturbation features. 
The Keasay Formation was deposited in an upper slope 
environment, this interpretation is based on microfauna and 
lithology (Rarey, 1986; Farr, 1989). 
The provenance of the Keasey Formation includes 
basaltic volcanics to the southwest, rhyolitic and andesitic 
volcanics from the Cascade Mountains and central Oregon to 
the east, and silicic and intermediate igneous plutonic 
rocks and metamorphic rocks of the Rocky Mountains region to 
the northeast (Van Atta, 1971). 
Based on micro and megafauna, the age of the Keasey 
Formation is considered to be Refugian (late Eocene to 
middle Oligocene) (Van Atta, 1971). Late Narizian 
foraminifera have been reported in the Keasey, but this 
could be a product of reworking of the Cowlitz sediments 
during the deposition of the Keasey (Jack Meyer, personal 
communication, 1989). Bruer and others (1984) restricted 
the Keasey Formation to Refugian. 
The contact relationship between the Keasey Formation 
and the underlying Cowlitz Formation has been discussed 
above. The distinct lack of mica and the abundance of 
volcanic detritus in the Keasey sediments help to identify 
the contact between these two units in outcrops. However, 
in drill cuttings the identification is more difficult. 
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The Keasey Formation is overlain disconf ormably by the 
Pittsburg Bluff Formation (Warren and Norbisrath, 1946). 
Van Atta (1971) in his study area on the upper Nehalem River 
basin reported an apparent conformity between these two 
units. 
THE JEWELL MEMBER OF THE KEASEY FORMATION 
The Jewell member of the Keasey Formation consists of a 
sequence of laminated to thinly bedded, locally glauconitic 
mudstone. This name was informally proposed by Olbinski 
(1983) for the type locality near Jewell in Clatsop County, 
and followed by Nelson (1985) in the Jewell-Fishhawk Falls 
area, Oregon. This unit is correlative to the lower and· 
middle part of the type Keasey Formation in Columbia County, 
and to the Narizian upper mudstone member of the Cowlitz 
Formation of Bruer and others (1984) in Clatsop and Columbia 
counties. The lithology of the Jewell member is similar to 
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the lower two members of the Keasey Formation, but tends to 
be thinner, better laminated, darker colored, and contains 
elastic dikes (Rarey 1986). 
The petrographic analysis done by Rarey (1986) 
indicates igneous, metamorphic and sedimentary sources, 
while the presence of andesitic and basaltic fragments 
suggests an andesitic and basaltic source which could have 
been produced by the developing Cascade arc to the east. 
The northern cascades of Washington, the Klamath terrane of 
southern Oregon and Northern California, and the Idaho and 
Wallowa batholiths are probable sources for the metamorphic 
and silicic igneous rocks (Rarey, 1986). 
PITTSBURG BLUFF FORMATION 
The Pittsburg Bluff Formation consists of a lower fine-
grained sandstone containing numerous fossils, concentrated 
in layers and in calcareous concretions, which grades upward 
to a coarser, massive sandstone and interfingers with 
tuffaceous beds. The type locality is near Pittsburg, 
Oregon, along the Nehalem River. Here, the Pittsburg Bluff 
Formation consists of massive, fine grained arkosic to 
lithic arkosic clayey, tuffaceous concretionary sandstone 
beds, containing fossil mollusk, wood and some coaly 
material. The Pittsburg Bluff Formation in the upper 
Nehalem River basin is partly marine and partly brackish 
water in origin. Deltaic deposits seem to interfinger with 
a near-shore fossiliferous marine beds (Warren and 
Norbisrath, 1946). 
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In the western Tualatin Valley, Thoms and others (1983) 
described two members in the Pittsburg Bluff Formation as 
having as volcaniclastic member and a siltstone member. The 
volcaniclastic member consists of volcanic litharenite and 
volcanic conglomerates (200 feet thick), for which the 
provenance is a local volcanic center. The siltstone member 
is composed of muddy siltstone with minor interbedded coarse 
to very fine-grained tuffaceous, micaceous sandstone, 
deposited in a shallow, neritic {upper shelf) to very near 
marine environment. 
The age of the Pittsburg Bluff Formation is considered 
to be mostly middle Oligocene, included in the upper part of 
the Refugian stage and partially correlative with the upper 
Eocene to middle oligocene Eugene Formation of the southern 
Willamette Valley and the Central Coast Range (Van Atta, 
1971). 
The Pittsburg Bluff Formation is overlain by the 
Scappoose Formation with an apparent unconformity. It 
disconformably overlies the Keasey Formation in Columbia 
County and the Sager Creek Formation in Clatsop County. 




The name Scappoose Formation was proposed by Warren and 
Norbisrath (1946) for the tuffaceous sandstone and shales 
overlying the Pittsburg Bluff Formation and capped by the 
Columbia River basalt. It is best exposed in an outcrop 
within the drainage basin of the upper Nehalem River basin, 
where Warren and Norbisrath (1946) estimated a thickness of 
1500 feet. The compositions of the Scappoose Formation and 
the Pittsburg Bluff Formation are similar but the fauna are 
different. Therefore, they can be distinguished by their 
fossil contents (Warren and Norbisrath, 1946) . The 
provenance is a combination of granitic plutons and 
volcanics. Nonmarine and marine lithofacies have been 
described by Van Atta and Kelty (1985) in Columbia County. 
The nonmarine lithofacies is characterized by a basal bed 
consisting of poorly-sorted, framework-supported, pebble to 
boulder conglomerate, deposited in a nonmarine, deltaic 
fluvial environment. The marine siltstone lithofacies is a 
highly fossiliferous siltstone coarsening upward into, and 
laterally intertonguing with fluvial arkose. These 
sediments were deposited in a shallow neritic to estuarine 
environment. The Scappoose Formation is middle Miocene in 
age because it unconformably overlies both the Keasey and 
the Pittsburg Bluff formations and interfingers with the 
middle Miocene Yakima basalt, which is a subgroup of the 
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Columbia River Basalt Group (Van Atta and Kelty, 1985). The 
age of the Scappoose Formation was formerly thought to be 
late Oligocene or early Miocene (Warren and Norbisrath, 
1946). Part of the Scappoose Formation may be correlative 
with or equivalent to the Astoria Formation in Clatsop 
County. 
COLUMBIA RIVER BASALT GROUP 
The Columbia River Basalt Group is composed of a 
sequence of individual flows of basaltic lava of various 
thickness, which generally rest directly one on another, but 
may be separated by pyroclastic material or waterlaid 
sediments. The Columbia River basalt flows cover an area of 
roughly 163,700 Km2 in Oregon, Washington and Idaho, with an 
estimated volume of approximately 174,300 Km3 (Tolan and 
others, 1989). Radiometric age determinations suggest that 
these flows were erupted during a period from 17 to 6 m.y. 
ago, with more than 99 percent by volume being erupted in a 
3.5 m.y. span, from 17 to 13.5 m.y. ago. The duration of 
individual eruptions lasted from several days to as long as 
several weeks. Columbia River basalt flows were erupted 
from north-northwest trending fissures or linear vents in 
northeastern Oregon, eastern Washington and western Idaho 
(Tolan and Beeson, 1984). 
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SMUGGLER COVE FORMATION 
The Smuggler Cove formation consists of thick bedded, 
bioturbated, tuffaceous claystone and siltstone, with a few 
graded volcanic sandstone beds. It also contains tuff, 
elastic dikes, and glauconitic sandstone. This unit is 
present in Clatsop County and was informally called Oswald 
West mudstone by Cressy (1974). This usage was also 
followed by Niem and Van Atta (1973) and Well and others 
(1983). Rarey (1986) divided the Smuggler Cove formation 
into four informal units: lower member, a glauconitic 
sandstone member, upper member, and Ball park member. 
The lower member of the Smuggler Cove formation is 
composed of a basalt sequence of very well laminated, 
slightly micaceous, silty mudstone. This unit has been 
mapped over large areas where it varies in thickness from 
less than two to several meters (Rarey, 1986; Niem and Niem, 
1983). 
The upper member consist of fossiliferous, bioturbated, 
tuffaceous, concretionary siltstone and siltstone at the 
base. The middle and the upper part of this member is 
composed of thick bedded, bioturbated silty mudstone and 
rare arkosic to lithic sandstone beds. 
The Ball park unit consists of well laminated, 
micaceous and carboniferous dark gray to greenish gray silty 
mudstone, and subordinate, thin, fine to medium-grained 
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arkosic sandstone. 
The age of the lower three members of the Smuggler Cove 
formation ranges from upper Eocene (Refugian stage) to 
Oligocene (Zemorrian stage} and the age of the Ball park has 
been confined to the Oligocene or lower Miocene. 
The lower member of the Smuggler Cove formation is 
correlative to the upper mudstone member of the Keasey 
Formation of Nelson (1985) and the Sager Creek formation of 
Niem and Niem (1983}. The glauconitic sandstone member and 
the upper member are correlative to the base of the 
Pittsburg Bluff Formation of eastern Clatsop County. In 
Columbia County, the Scappoose Formation is correlative to 
the upper portion of the Smuggler Cove formation (Niem and 
Niem, 1985). 
The depositional environment of the lower three members 
(lower member, glauconitic sandstone, upper member) was a 
fore arc basin, middle slope to outermost shelf. The Ball 
park unit may be deposited in an outer-shelf to upper slope 
channel. 
The Smuggler Cove formation conformably overlies the 
Jewell member of the Keasey Formation and is unconformably 
overlain by the Astoria Formation. 
SAGER CREEK FORMATION 
The Sager creek formation is well developed in eastern 
Clatsop County and thins and interfingers with the 
tuf faceous lower Smuggler Cove formation in the west and 
southwest. This unit unconformably overlies the Keasey 
Formation (Niem and Niem, 1983). 
31 
The Sager Creek formation consists of a thick sequence 
of well-laminated micaceous and carboniferous mudstone 
rhythmically interbedded with thin feldspathic sandstone. 
It was informally called the Vesper Church member of the 
Keasey Formation by Wells and others (1983) and Nelson 
(1985), in Clatsop County, and lower Pittsburg Bluff 
Formation by Warren and Norbisrath (1946) and Kadri (1982) 
in Columbia County. 
The depositional environment of the Sager Creek 
formation was a deep marine channel. 
ASTORIA FORMATION 
The lower to middle Miocene Astoria Formation 
unconformably overlies older rocks in the northern Oregon 
Coast Range (Newton, 1969). As described by Niem and others 
{1985), it consists of four members: The Angora Peak, 
Wickiup Mountain, Youngs Bay, and Cannon Beach members. 
The Angora Peak member consists of massive to laminated 
fine grained arkosic sandstone with subordinated trough, and 
planar cross bedded, coarse grained, volcanic sandstone; 
minor pumiceous-volcanic to polymict conglomerate and 
laminated carbonaceous mudstone with thin local 
subbituminous coal beds. This unit was deposited in a 
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shallow marine and fluvial environment (Rarey,1986; Nelson, 
1978; Niem and Niem, 1985) 
The Wickup Mountain member unconformably overlies the 
Smuggler Cove formation. It is composed of structureless to 
laminated, fine-grained feldspathic, fossiliferous 
sandstone. Locally trough-cross-bedded structures are 
present. The upper part of the unit is a sequence of 
mudstone, siltstone, and very fine glauconite sandstone. 
The Wickup Mountain member was deposited in a shallow marine 
environment. The age of this unit is Miocene. 
The cannon Beach member is composed of upper and lower 
mudstone units. The lower mudstone consists of well 
stratified, rhythmically interbedded, fine grained, 
micaceous, carbonaceous sandstone and dark gray mudstone. 
The upper mudstone consists of well laminated, locally 
highly carbonaceous and micaceous, dark gray mudstones. 
Both upper and lower mudstones were deposited in a deep 
marine environment (Nelson, 1978; Niem and Niem, 1985) 
The Youngs Bay member consists of very thickly bedded 
medium to coarse grained, structureless, friable, arkosic 
sandstone bodies intertonguing with mudstone. The thickness 
of the sandstone ranges from approximately 65 to 340 meters 
(Nelson, 1974; Niem and Niem, 1985). 
TROUTDALE FORMATION 
The Troutdale Formation consists of fluvial siltstone, 
33 
sandstone, and conglomerates, found throughout much of 
northwestern Oregon. Two lithologic facies have been 
defined: The first facies is characterized by conglomerates 
that contain such deposits of an ancestral Columbia River as 
quartzite, schist, granite, and rhyolite. They are found in 
proximity to the modern Columbia River and are confined to 
the northern portion of the Willamette Valley. The other 
facies is characterized by conglomerates having clasts 
locally derived from the Cascades and transported by streams 
into the Willamette lowland (Tolan and Beeson, 1984). 
BIOSTRATIGRAPHY 
Foraminiferal stages are used here to define the 
biostratigraphy of northwestern Oregon. McKeel (1983-1984) 
used the California benthic foraminiferal stages of 
Kleinpell (1938), Schenck and Kleinpell (1936), and Mallory 
(1959), in comparison with the biostratigraphy of the 
northern Willamatte basin. Based on rare but distinctive 
planktonic foraminiferal occurrences, strata recognized 
herein as Refugian, Narizian and upper Ulatisian, they 
represent the following regional stages: 
Uppermost Refugian = Early Oligocene 
Rest of Refugian = Late Eocene 
Upper Narizian = Late Eocene 
Lower Narizian = Late Middle Eocene 
Upper Ulatisian = Early Middle Eocene 
(McKeel, 1983,1984). 
The oldest foraminif era stage observered at Mist may 
belong to the Ulatisian stage. The upper Narizian stage is 
represented within the basal conglomerate and mudstone 
underlying the Cowlitz Formation (Yamhill-informal Hamlet 
formation) and continues upward to the top of the Cowlitz 
section and part of the Keasey (Olmstead, 1985). The upper 
Narizian sediments are marked by the benthic foraminifera 
Cibicides natlandi and/or Bulimina microcostata and by the 
planktonic foraminifera Globigerinatheka index and 
Pseudohastigerina micra. Refugian stage foraminiferas are 
found in the Keasey Formation. The highest occurrence of 
the benthic foraminif era Uvigerina cocoaensis and 
Cassidulina galvinesis and the planktonic foraminifera 
Turborotalia Insolita mark the Refugian stage. 
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The biostratigraphic correlation relied on the detailed 
micropaleontological work of Daniel McKeel, and James Moore. 
Two core samples (AlO and All) from the Columbia County IW 
220-10 well were analyzed. Sample AlO contain megafossil 
fragments which could not be identified. Sample AlO 
contains the benthic foraminifera Bulimina microcostata 
which is a Narizian indicator. The biostratigraphic contact 
in this well could not be determinated since only a Narizian 
fauna was identified from the samples. 
Figure 4 shows the biostratigraphy of the lower 
Refugian and upper Narizian as well as depth of contact. In 
the Crown Zellerbach # 30-33, Crown Zellerbach #2 and Texaco 
Cooper Mountain #1 wells the contact depth has been 
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Instrumental Neutron Activation Analysis 
Instrumental Neutron Activation Analysis (INAA) is a 
technique for determining qualitative and quantitative 
elementary composition. The procedure of INAA is based on 
the irradiation of samples in a nuclear reactor with a 
neutron flux, resulting in the production of radioactive 
isotopes which emit gamma and beta radiations as they decay 
to stable nuclei. The radiation is characteristic of the 
isotope concerned and the intensity of the radiation is a 
measure of the isotopes abundance and hence of the initial 
elemental abundance. Each radioactive nuclide has its own 
characteristic energy and half life. Comparative 
measurements of sample radioactivity are calculated with a 
similarly irradiated standard containing a known amount of 
elements. Two approaches may be used to evaluate induced 
radioactivity: a) radiochemical separation followed by 
counting the separated activities, and b) instrumental gamma 
spectrometry. The instrumental method was used in this 
research. The various radioisotopes formed in a sample can 
be identified by a device called a gamma ray spectrometer, 
which consists of gamma ray detector, a pulse height 
analyzer, and read out device (computer). The gamma ray 
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spectrometer measures the energies and intensities of 
various gamma rays emanating from an activated sample. 
Following irradation, the samples are allowed to decay 
(cool) to permit unwanted short-lived activity to diminish 
and are then counted. The first count is done 3-5 days and 
a second 15-20 days after irradiation. 
Sampling 
Drill cuttings from six wells: Columbia county # 31-8, 
IW 22D-10, Crown Zellerbach #30-33, Longview Fibre #25-33, 
Crown Zellerbach #2 and GPE. Federal Com. #1 (see figure 1 
for location) were selected to be analyzed chemically using 
the INAA method. The objective was to find a distinct 
change in the trace element concentrations between the 
Keasey and the Cowlitz formations. The cuttings were 
provided by the Oregon Department of Geology and Mineral 
Industries (DOGAMI) and Oregon Natural Gas Development 
Corporation (a subsidiary of Nothwest Natural Gas Company). 
Most of the wells are located in the Mist gas field 
(Columbia County), which is located on the east flank of the 
northern Coast Range gravity high (Bromery and Snavely, 
1964) corresponding to the Nehalem arch of Armentrout and 
Suek (1985) (Figure 4). This arch separates the Astoria 
basin on the west from the northern Willamette basin to the 
east. The Columbia county 31-8 well is located off the arch 






a ' ' 
[I 





C MILES 20 
C KILOMETERS 30 
Figure 4. Regional Bouguer gravity anomaly 
map for northwest Oregon and southwest Washington 
showing the location of the Mist gas field on 
the east flank of the northern Coast Range gravity 
high. (From Suek, 1982.) 
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is located to the south of Mist gas field. 
The Cutting interval in Columbia County 31-8 and G.P.E. 
Federal Com. #1 wells is 10 feet, while the rest of the 
wells have a cutting coverage of 30 feet. The samples were 
collected at various depths where the contact between the 
Refugian and Narizian stages exists, as well as the 
lithological contact between the Keasey and the Cowlitz 
formations. Basalt chips were collected from the GPE 
Federal Com. #1 in the following intervals: 3260-70 , 3430-
50, 9700-20, 9950-70 feet. 
Sample Preparation 
One of the advantages of the INAA method is that sample 
preparation is minimal. Approximately 3-5 grams of sample 
were placed in a 40 ml beaker with distilled water for a few 
days in order to see if there were oil remains from the 
drilling mud. After being washed, decanted, and oven dried 
at a temperature of 50°C the samples were crushed, sieved 
through a 200 mesh screen, and split to one gram, and then 
placed in clean 1/2 dram polyvials and heat sealed to 
prevent leakage. Steel contaminants (drill bit chips) were 
removed from the samples with a magnet to avoid error in the 
concentration of Fe. The samples were irradiated at 250 KW 
for one hour at the Reed College nuclear reactor. Gamma ray 
spectra were first obtained by counting five days after 
irradiation. A second count was done 18-22 days after 
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irradiation. Elemental abundances and errors were 
calculated by comparison to the U.S.G.S. standard GPS-1 and 
National Bureau of Standards Coal Fly Ash, SRM 1633a. 
Two different detectors were used in this research to 
count the samples. Second count of samples: GPE 15 to GPE 
33 from the GPE Federal Com. #1 and all the samples from 
Crown Zellerbach #2 were counted using the (High-Purity 
Germanium) coaxial Photon Detector System, GE&G ORTEC. The 
rest of the samples were counted in the Ge(Li) detector & 
Tracor Northern TN 4000. This was necessary because of the 
failure of the Ge(Li) detector. 
GEOCHEMICAL DATA AND DISCUSSION 
Concentrations of the elements in the samples from each 
well are listed in Tables I, II, III, IV, v, VI and VII. 
Calculated Sc/Co ratios are shown in table VIII. Plots of 
K, Rb Th and Sc/Co ratio vs depth are represented in figures 
5,6,7,8,10 and 11. 
Thorium (Th), potassium (K), rubidium (Rb) and scandium 
(Sc) appear to establish significant grouping as well as 
Sc/Co ratio. Four different groups of samples can be 
distinguished. one group is characterized by having high 
concentrations of K, Th and Rb and low Sc/Co, the second 
group by having low concentrations of K, Th and Rb and high 
Sc/Co, a third group with a significant lower value of Rb 
and high Sc, and a fourth group where the concentrations of 
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these four elements do not show any particular pattern. 
Previous geochemical work done by Kadri (1982) in outcrop 
samples from Tertiary rocks revealed that the Cowlitz 
Formation has higher concentrations of K and Th than does 
the Keasey Formation. The high concentrations of K, Th, and 
Rb in the Cowlitz Formation are expected since the 
provenance of this formation is igneous and metamorphic 
rocks of the craton and these elements are highly 
concentrated in them. This relation appears also to be 
constant in drilling cuts, even though some contamination 
during drilling could occur. Samples with high basaltic 
volcanic influence tend to have very low Rb values and high 
Sc. 
Data from the Columbia County IW 22D-10 and Longview 
Fiber #25-33 wells (Tables I and II) show two groups (Keasey 
and Cowlitz formations). A distinct break between the 
higher and lower concentration of these elements determine 
the geochemical contact between the Keasey and Cowlitz 
formations in these particular wells. Figures 5 and 6 show 
the plots of K, Th, Rb and Sc/Co vs depth. The change 
between the two formations'chemistry group in the Columbia 
County IW 22d-10 well occurs at approximate 2,000 feet depth 
and in the Longview Fiber #25-33 well at 600 feet depth. 
Samples from Crown Zellerbach #30-33 (Table III) show 
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(Figure 7) indicating that the contact between the Keasey 
andthe Cowlitz formations is above 1,300 feet depth, which 
was the highest depth from which the samples were collected. 
Three geochemical groups are represented in well GPE 
Federal Com #1 (Table IV). The upper 3,000 feet have Rb, Th 
and Sc/Co values representing the Keasey Formation, but with 
much higher concentration of K. This interval is a silty, 
marine mudstone rich in glauconite, organic material and 
volcanic fragments. The high K could be due to the 
glauconite, below this depth Rb has decreased significantly 
and Sc increases showing a basaltic volcanic influence. 
This group is probably associated with local lava flows 
assigned to the Goble Volcanics or Tillamook Volcanics, 
which also display low Rb and high Sc. At 9,900 feet K, Rb 
and Th increase to values belonging to the Cowlitz 
Formation. Figure 8 shows the two distinct breaks between 
each formation. 
The concentration of Sc and Th in the basaltic chips 
(samples # GPE 20, GPE 21, GPE 23 and GPE 26) collected from 
the volcanic sediments, were plotted in a Sc vs Th graph 
(Figure 9) together with the Tillamook Volcanics, Eagle 
Creek Formation, Waverly Heights basalt and Skamania 
Volcanics. The purpose of the plot was to get an estimate of 
the tectonic environment of these basalts by comparing them 
with the others samples of known environment and to 













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The basaltic chips show two different groups: A group with 
relative low Th and high Sc (samples GPE 20 and GPE 21), 
and a second group with high Sc and moderate Th (samples GPE 
23 and GPE 26). This can be interpreted as two different 
chemical types of flows erupted in this place. The samples 
from the GPE Federal Com. #1 well did not plot close to the 
others basalts and can be distinguished from them. The 
tectonic environment cannot be determined from these data 
alone. Note also that the Sc and Th numbers for GPE 20 and 
GPE 21 are grouped with those for the associated sediments. 
The Crown Zellerbach #2 well shows the Keasey and the 
volcanic groups (Table V). The geochemical break is evident 
at 2,900 feet (Figure 10). The lowest portion of the well 
as in GPE Federal Com. #1, could be related to local 
volcanism. These two well are relatively close at (2.6 
miles), and these sediments could be related to the same 
volcanic event. 
Data from the Columbia County #31-8 well (Table VI) 
represent group four, where the concentrations of K, Th, Rb 
and Sc vary from high to low values throughout the well 
(Figure 11). This result could be attributed to reworking 
of sediments from the Keasey and Cowlitz formation along 
with local volcanics, deposited in this local system as an 
alluvial fan. This alluvial fan could be formed on a steep 
continental slope or by vertical displacement (normal 





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































angular and rounded grains, granitic and metamorphic 
minerals, and volcanic fragments, indicating that it could 
be a mixture of sediments from the Keasey and the Cowlitz 
formations. A third possibility is that these are sediments 
are from a different source. The last possibility could be 
interfingering of the Keasey Formation with the Cowlitz 
Formation. This could be due to the intermittent deposition 
of both formations during the formation of the Western 
Cascades and uplift of the arch. The geochemical break 
between Keasey and the underlying reworked sediments is 
placed at 2,400 feet where the K shows a small increase. 
The influence of local basaltic volcanics in each area 
is indicated by the high concentration of Sc in the 
sediments. Figure 12 shows the plot of Sc vs depth for each 
well. The GPE Federal Com. #1 well has the most influx of 
volcanics among the wells. 
Geochemistry from the core samples (Table VII) 
collected from the Keasey and the Cowlitz formation in the 
Columbia County IW-220-10 well also shows the concentrations 
of the elements close to the drill cuttings. Some values of 
the Keasey Formation are higher in the core than in the 
drilling cut, but this may be due to the conglomeritic 


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































WELL NAME SAMPLE DEPTH (ft) Sc/Co (ppm} 
America Quazar Petroleum corp. CC-Al 700 3.63 
Colwnbia county 31-s CC-A2 720 l..60 
CC-Al 910 l..68 
CC-A4 1000 2.10 
CC-AS 12 l.O l.98 
CC-A6 1420 2.51 
CC-A7 l.Sl.O l.58 
CC-AS 1600 2.01 
CC-A9 2020 1.84 
CC-AlO 2200 2.os 
CC-All 2440 l.37 
cc-Al.2 2470 1.21 
CC-A13 2500 l..58 
CC-Al4 2560 l.07 
CC-Al.S 2680 l.06 
CC-Al6 2740 0.90 
CC-Al.7 2830 1.06 
CC-Al8 2920 l.l.3 
CC-Al9 3010 l.02 
CC-A20 3100 l.14 
CC-A2l 3820 i.o5 
CC-A22 3850 0.81 
CC-A23 3880 0.67 
Oreqon Natural Gas IW l 720 2 .16 
IW 22d-l0 IW l3 1590 l.90 
IW l4 1680 l.87 
IW 15 1800 l. .88 
IW 2 1920 l. 69 
IW 3 1950 1. 71 
IW 4 1980 l..79 
IW 5 2040 l..54 
IW 6 2070 l. 42 
IW 7 2100 l.44 
IW 8 2200 l.02 
IW 9 2310 0.68 
IW 12 2520 0.76 
IW 10 2700 0.95 
IW l.l 2770 0.36 
America Quazar Petroleum corp. LF l 500 l..64 
Longview Fiber # 25-33 LF 2 590 l..39 
LF 3 680 l.29 
LF 4 800 l.44 
LF s 890 l.43 
LF 6 980 l..36 






WELL NAME SAMPLE DEPTH (ft) Sc/Co (ppm) 
America Quazar Petroleum Corp. CZ l 1350 1.38 
crown Zellerbach #30-33 CZ 2 1440 1.77 
CZ 3 1530 l. 72 
CZ 4 1620 1.33 
CZ 5 1770 1.08 
Reicchhold Enerqy corp. CZ2 l 2770 l. 47 
crown Zellerbach # 2 CZ2 2 2920 1.49 
CZ2 3 2980 1.55 
CZ2 4 3100 1.17 
CZ2 5 3220 0.70 
Exxon company-USA GPE 15 1000 1.86 
G.P.E General comp. #1 GPE 16 1500 l. 74 
GPE 31 2200 1.88 
GPE 17 2500 1.47 
GPE 18 3000 1.54 
GPE 19 3200 1.06 
GPE 20 3260/70 0.95 
GPE 21 3430/50 l. 38 
GPE 22 3500 1.18 
GPE 8 4100 1.00 
GPE 9 4200 1.10 
GPE 10 4300 1.12 
GPE 11 4400 l. 32 
GPE 12 4500 1.50 
GPE 13 4600 l.SO 
GFE 14 4700 1.05 
GPE l 7500 l.11 
GPE 2 7600 1.10 
GPE 3 7700 1.10 
GPE 4 7800 1.14 
GPE 5 7900 0.90 
GPE 6 8000 0.71 
GPE 7 8100 0.90 
GPE 23 9700/20 0.99 
GPE 24 9800 l.07 
GPE 25 9900 l. 32 
GPE 26 9950/20 1.01 
SUBSURFACE ANALYSIS 
SUBSURFACE CORRELATION 
Interpretation of the subsurface stratigraphy of 
northwestern Oregon has been done based on the analysis of 
mud logs, electric logs, spontaneous potential, and the 
gamma ray log responses of fifteen wells located in the 
Astoria basin, Mist gas field and northern Willamette 
Valley. These logs are useful because they: a) 
differentiate potentially porous and permeable reservoir 
rocks (sandstone) from nonpermeable (clay), b) aid in 
lithological identification and c) define bed boundaries and 
permit correlation of beds. 
Niem and others (1985) described the log responses for 
each formation in the Astoria basin, and the same criteria 
is used herein in order to interpret the other wells (refer 
to plate I wells Patton #32-9, Clatsop County #33-11, and 
Cooper Mountain #1) • 
Tillamook Volcanics show a large increase in the 
resistivity curve, a negative deflection of SP curve from 
the shale line, and low intensity of the gamma ray. 
The Hamlet formation resistivity is moderate to high, 
depending on which member of the formation the well 
penetrated. In the sand the resistivity is high. The SP 
------··----··--
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log is variable; it can be close to the shale line in the 
mudstone and increases in the sand. The gamma ray curve is 
smaller in the Hamlet formation than in the underlying 
Tillamook Volcanics. 
The Cowlitz Formation shows two different responses. 
The Clark and Wilson sand in the Mist gas field has low to 
moderate resistivity, high SP, and high gamma ray. The 
mudstone shows a decrease in the resistivity and SP curve 
and a slight decrease in the gamma ray. The Clark and 
Wilson sand in Clatsop County shows an increase in 
resistivity over that of the underlying Hamlet formation. 
The SP and gamma ray values are variable. 
The Keasey Formation resistivity and SP curves are low 
and nearly a straight line. The gamma ray curve shows a 
large decrease compared to the underlying Cowlitz Formation. 
The Smuggler Cove formation resistivity, gamma ray and 
SP curves are variable to nearly straight-line. 
The Sager Creek formation resistivity, gamma ray and SP 
curve are nearly straight lines. Gamma ray increases from 
the Keasey Formation. 
The Astoria Formation in the Clatsop County shows an 
increment on both resistivity and SP curves over that of the 
Smuggler Cove Formation. 
The Pittsburg Bluff Formation resistivity curve is 
nearly a straight line and the SP curve is variable. The 
gamma ray curve increases over that of the Keasey Formation. 
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For the Spencer Formation in the Willamette Valley the 
resistivity and the SP curves are more variable than that of 
the underlying Keasey Formation and the overlying Eugene 
Formation and show a large increase in the sandstone 
interval. 
The resistivity and SP curves of the Columbia River 
basalt are high, which is typical of volcanics. 
The Subsurface stratigraphy of the study area is shown 
in Plate I and Plate II. The following comments describe the 
interpretation of the stratigraphy in individual wells: 
Patton #33-9 well. The Patton #33-9 well penetrates the 
Astoria, Smuggler Cove, Keasey and Hamlet formations. Here, 
the Cowlitz Formation is not present. The Smuggler Cove 
Formation is approximately 4,650 ft thick in this well. 
Clatsop County #33-11 well. The Clatsop County # 33-11 well 
penetrates the sager Creek, Keasey, Cowlitz formations and 
Tillamook Volcanics. The Cowlitz Formation is thin and 
pinches out toward the east (Patton 33-9 well). The 
thickness of the Keasey Formation is approximately 1,800 ft. 
The contact between the Cowlitz and Keasey is at 3,830 ft 
(SSL=-2,890 ft). 
Columbia County #31-8 well. The Pittsburg Bluff, Keasey, 
Cowlitz, and Hamlet are formations encountered in this well. 
From 2,450 ft to 3,400 ft the gamma ray increases and 
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decreases intermittently. The gamma ray curve could be 
interpreted as an interf ingering of the Keasey and Cowlitz 
formations (Jack Meyer personal communication, 1989) or as 
reworked sediments from the Keasey and Cowlitz formations 
deposited as an alluvial fan after partial erosion of the 
Cowlitz Formation during the deposition of the Keasey 
Formation, or sediments deposited from other sources. The 
contact between the Cowlitz and Keasey cannot be determined 
here. 
Columbia County IW 22d-10 well. This well is a shallow well 
that only penetrates Pittsburg Bluff, Keasey and Cowlitz 
formations. The contact between the Cowlitz and the Keasey 
formations is at 1,995 feet (SSL= -1,197 ft). 
Columbia County #32-10 well. The Columbia County #32-10 
well penetrates the Keasey, Cowlitz, Hamlet formations and a 
thick section of the Tillamook Volcanics. The contact 
between the Cowlitz and Keasey formations is at 1,850 feet 
(SSL=-1,030.2 ft). Volcanics are encountered at 2,800 ft 
(SSL=-1,980.1 ft) under the Clark and Wilson sand with a 
thickness of 600 feet. The Sunset Highway member of the 
Hamlet formation is located at 3,440 ft (SSL=-4,226.8 ft) 
with a thickness of 120 feet, and pinches out to the east. 
Columbia County #1 RD 1 well. Only two formations are 
penetrated by this well. Keasey and Cowlitz show their 
contact at 1,940 ft {SSL=-908.5 ft) 
Longview Fiber #25-33 well. The Longview Fiber is a deep 
well which penetrates the Keasey, Cowlitz, and Hamlet 
formations and Tillamook Volcanics. In this well, the 
Hamlet formation is interbedded with the Tillamook 
Volcanics. The sunset Highway member of the Hamlet 
formation (Clatskanie sand of the Yamhill Formation) is 
present at 3,230 feet {SSL=-2,440.5 ft). The contact 
between Cowlitz and Keasey is at 820 ft {SSL=-30.5 ft). 
Crown Zellerbach #33-30 well. The Keasey and Cowlitz 
formations are the only ones penetrated by this well. The 
contact between these two formation is at 1,075 ft (SSL=-
233.0 ft). 
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Crown Zellerbach #34-26 well. The Crown Zellerbach #34-26 
penetrates the Keasey, Cowlitz, and Hamlet formations. The 
thickness of the Cowlitz mudstone increases in this section. 
The Cowlitz and Keasey contact is at 3,790 ft (SSL= 2,892 
ft). The Sunset Highway sandstone is present at 5,550 ft 
{SSL= -4,657.0 ft). 
Crown Zellerbach #2 well. This well only penetrates the 
Keasey Formation, a lava flow, and the Cowlitz Formation. 
The lava flow encountered at 2,840 ft (SSL=-2,151.0 ft), 
separates the Cowlitz from the Keasey. Therefore, the 
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contact between these two formation cannot be defined. 
GPE Federal Com. #1 well. The GPE Federal Com. #1 well 
penetrates the Keasey Formation, a section rich in 
volcanics, silty and clayey sediments, and the Cowlitz 
Formation. The volcanic section is encountered at 4,100 ft 
(SSL=-2,344 ft). It could be interpreted as local volcanic 
activity prior to the deposition of the Keasey Formation. 
However, the gamma ray curve at the 8,500-8950 ft interval 
shows an downward decrease typical of the Keasey Formation. 
This change of the curve could be interpreted, as the 
deposition of the Keasey Formation before the volcanic 
activity started. Once this volcanic activity ended, the 
Keasey continued being deposited. Sand encountered at 10,500 
ft (SSL=-8,744.0 ft) is equivalent to the Clark and Wilson 
sand of the Cowlitz Formation (Meyer personal communication, 
1990). 
Cooper Mountain #1 well. The Cooper Mountain well 
penetrates the Columbia River basalt, Pittsburg Bluff, 
Keasey, Spencer and Yamhill formations and the Tillamook 
Volcanics. 
Werner #14-21 well. The Columbia River basalt, Eugene and 
the Spencer formations are penetrated by the Werner #14-21 
well. 
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Wilna ET AL #5-23 well. The Wilna ET AL # 5-23 penetrates 
the Keasey and Cowlitz formations, volcanics, the Hamlet 
formation, and the Tillamook Volcanics. The Clark and 
Wilson sand of Cowlitz Formation is encountered at.1,900 ft 
(SSL=-400 ft). The gamma ray curve, in the 1,200-1,900 ft 
interval increases and decreases intermittently as it was 
observed in the Columbia County #31-8 well. These two wells 
are located in the opposite side of the Nehalem arch. This 
particular response of the gamma ray curve has been observed 
in others wells located off the arch (the Arco Exploration 
Company, Columbia county #23-19 and American Quasar 
Petroleum Corp., Crown Zellerbach #15-14 wells). The gamma 
ray curve response can be interpreted as the interf ingering 
of the Keasey and Cowlitz formations. 
CROSS SECTION INTERPRETATION 
Subsurface stratigraphy of northwestern Oregon. Cross 
section 1 (Plate I). 
From the cross section (Plate I), it can be observed 
that the Hamlet formation is present in the Astoria basin 
where it has great thickness toward the basin and then thins 
out toward the Nehalem arch of Armentrout and Suek (1985), 
where it pinches out in Clatsop County #33-11 well; here, 
the Cowlitz Formation unconformably overlies the Tillamook 
Volcanics. In Columbia County the Hamlet formation (Yamhill 
Formation of Bruer and others, 1984) increases its thickness 
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toward the Willamette Valley, where it interfingers with the 
Tillamook Volcanics. The Sunset Highway member of the 
Hamlet formation can be correlated through the Columbia 
County #32-10, Longview Fiber #25-33, and Crown Zellerbach 
#34-26 wells. The Clark and Wilson sandstone of the Cowlitz 
Formation shows a great decrease in thickness from the 
Astoria basin toward the Nehalem arch. In Columbia County, 
on the other side of the arch the sand thickness again 
increases. The mudstone in the highest part of the arch is 
thin but thickens toward the east to approximate 3000 feet. 
In the Columbia County #32-10 well, a basalt flow underlies 
the Clark and Wilson sand of the Cowlitz Formation. A thick 
section of reworked sediments or interf ingering sediments of 
the Cowlitz and Keasey formations overlies the mudstone of 
the Cowlitz Formation in the Columbia County #31-8 well. In 
the GPE Federal Com. #1 well the Cowlitz Formation is 
present at 9,200 feet, where it is overlain by a thick 
volcanic deposit interbedded with marine clays and 
siltstones. 
The Keasey Formation unconformably overlies the Hamlet 
formation in Clatsop County (Astoria basin) and the Cowlitz 
Formation in Clatsop and Columbia counties. However, in the 
Columbia County on the flank of the Nehalem arch, the Keasey 
Formation is conformable with the Cowlitz Formation. The 
Keasey Formation interfingers with the Eugene Formation in 
the Willamette Valley where it decreases in thickness. In 
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the Astoria basin, the Keasey Formation is conformably 
overlain by the Smuggler Cove formation in the Patton #32-9 
well and is unconformably overlain by the Sager Creek 
formation in Clatsop county #33-11 (Niem and others, 1985). 
The Sager Creek formation pinches out to the southwest. The 
Pittsburg Bluff Formation overlies the Keasey Formation in 
Columbia County. In Washington County the Keasey Formation 
is underlain by the Spencer Formation and overlain by the 
Pittsburg Bluff Formation. The Keasey Formation is probably 
equivalent to the lower part of the Eugene Formation in 
Marion County. 
The Columbia River Basalt Group overlies the Pittsburg 
Bluff in the Cooper Mountain #1 well. Toward the south in 
Marion County, the Spencer Formation thins. It is overlain 
by the Eugene Formation. 
Subsurface stratigraphy of northwestern Oregon. Cross 
section 2 (Plate II) . 
In this cross section only five wells were correlated 
(Columbia County #31-8, IW 220-10, Columbia County #32-10, 
Columbia County #1 RD #1 and Wilna ET AL No 5-23). The 
correlation among the wells is the same as in plate I, 
except the Wilna ET AL No 5-23 well has been added. The 
Wilna ET AL No 5-23 well is located off the axis of the 
arch, on the opposite side from the Columbia County #31-8 
well. The interfingering of the Keasey and Cowlitz 
formations is observed on both flanks of the arch. The 
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contact relationship between the Keasey and the Cowlitz is 
unconformable along the axis of the arch, but on the flanks 
the two formations interfinger the contact is conformable. 
DISCUSSION AND CONCLUSION 
The concentrations of K, Th, Rb and Sc/Co ratio in the 
Cowlitz and Keasey formations aid in the identification of 
the contact between these two formations in wells sampled. 
This geochemical contact was well-defined in the Columbia 
County IW 220-10 well at 1,995 ft and Longview Fiber #25-33 
well at 600 ft, and coincides with the gamma ray log break, 
but not with the Refugian/Narizian paleontological time 
boundary. 
The break between the Narizian and Refugian in the 
Longview Fiber #25-33 well is at 590 ft, but in the Columbia 
County IW 220-10 well it could not be determined because the 
paleontological information available was limited. In the 
Columbia County #31-8 well, the variable concentration of K, 
Th ,Rb and Sc coincide with the irregular response of the 
gamma ray curve in the 2,450-3,400 ft interval. The result 
could be due to the interfingering of the Cowlitz and Keasey 
formations, or to the deposition of reworked sediments. 
These sediments could be deposited as a slump caused by 
landslide or as an alluvial fan caused by normal faulting 
during the time of deposition of the Keasey Formation. Up 
section from this interval, the Keasey Formation can be 
distinguished by either method. The Refugian/Narizian 
paleontological time boundary is higher into the Keasey 
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Formation, and this is also observed in most of the others 
wells. The fact that the Refugian/Narizian paleontological 
time boundary is in the Keasey, indicates that the 
assumption that the Keasey formation is only Refugian is 
wrong. It is clear that it was deposited during the late 
Narizian and Refugian time, and that the fauna composition 
was not affected by the lithology, but by regional or 
worldwide factors such as water depth, water temperature, 
paleogeography, and volcanism. 
In the Crown Zellerbach #32-10 well the electric and 
the SP logs and lithological break coincides with the 
paleontological break, and this could be due to the erosion 
or non deposition of the Cowlitz Formation prior to the 
deposition of the Keasey Formation. 
The break between the Keasey Formation and volcanic 
sediments could be distinguished chemically by the their 
higher Sc and lower Rb and by the highly variable responses 
of the electric log in the volcanic sediments. 
The Crown Zellerbach #2 well and the GPE Federal Com.#1 
well show these breaks at 2,840 ft and 3,150 ft 
respectively. Since in these two wells the Keasey is 
overlain by volcanics, there is no direct contact between 
the Keasey and the Cowlitz formations. The 
Refugian/Narizian contact has not been determined in these 
wells. 
The gamma ray response provides geophysical evidence 
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for the interfingering relationship between the Cowlitz and 
the Keasey formation. This interfingering could be due to 
the intermittent deposition of these formations during the 
growth of the cascades and the uplift of the arch. The 
Cowlitz Formation stoppep depositing once the Cascades 
formed and plugged and/or deluted the sources of the Cowlitz 
sediments. Erosion of the Cowlitz Formation from the upper 
part of the arch could be due to the uplift of the arch. 
CONCLUSION 
Geochemical concentration of K, Th, Rb and Sc/Co 
helped to identify the contact between the Keasey and 
Cowlitz formations and the basaltic volcanic sediments. The 
Keasey Formation is characterized by having low K, low Rb, 
low Th and high Sc/Co ratio. The Cowlitz Formation has high 
potassium, high Rb, high Th and low Sc/Co ratio. Sediments 
with basaltic volcanic influence can be differentiated by 
their high Sc and low Rb concentrations. 
The Narizian and Refugian paleontological boundary 
differs from the geochemical, lithological and geophysical 
(electric, SP and gamma logs) contact between the Keasey and 
the Cowlitz formations in most parts of northwestern Oregon. 
The Stage-Stage contact is located within the Keasey 
Formation. However, in some places it coincide with the 
lithological contact defining an unconformity or non 
deposition. The gamma ray log defines an interfingering 
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relationship between the Cowlitz and the Keasey formations, 
therefore they are conformable in some localities. 
Geophysical (gamma ray, electric, and SP logs) and 
geochemical techniques can be used as an aid in defining the 
contact between two formations when the lithology cannot be 
distinguished. 
PROBLEMS AND SUGGESTIONS 
The Columbia County #31-8 well represents a puzzle in 
the fact that the 2,450-3,400 ft interval shows irregular 
geophysical responses and that the geochemistry is not 
consistant. In order to prove geochemically that the Keasey 
Formation and the Cowlitz Formations are interfingering, I 
suggest testing these wells with samples collected at closer 
intervals than those chosen here, in order to include each 
bed. 
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APPENDIX 
SAMPLES DESCRIPTIONS 
Chips and core samples were examined and described 
using a binocular microscope. Colors definition are derived 









American Quasar Petroleum Corp. 










Light olive gray Sy 6/1 
siltstone, with mica and 
tuff. 
Light olive gray Sy 6/1 
siltstone, mica, slightly 
calcareous. 
Light olive gray 5y 6/1 
siltstone, slightly 
calcareous. 
Light olive gray Sy 6/1 
mudstone. 
Light olive gray 5y 6/1 
silty mudstone, slightly 
calcareous 
Greenish gray 5 Gy 6/1 
mudstone. 
Greenish gray S Gy 6/1 








American Quasar Petroleum Corp. 








Greenish gray S Gy 6/7 
mudstone, volcanic 
fragments, micaceous. 
Light olive gray Sy 6/1 
mudstone, volcanic 
fragments. 
Light olive gray Sy 6/1 
mudstone, volcanic 
fragments. 
Light olive gray Sy 5/2 
slightly silty mudstone, 
quartz, slightly calcareous. 
Light olive gray Sy 5/2 









Reichhold Energy Corp. 








Dark yellowish brown 10 yr 
4/2 sandstone, abundant 
volcanic fragments. 
Light olive gray Sy 6/1 
tuffaceous mudstone, 
basaltic fragments. 
Light olive gray Sy 6/1 
tuffaceous mudstone, 
basalt, quartz. 
Pale yellowish brown 10 yr 
6/2 sandy silty mudstone, 
volcanic fragments. 



















Oregon Natural Gas 
















Light olive gray Sy 6/1 
siltstone 
Light olive gray Sy 6/1 
siltstone. 
Light olive gray Sy 6/1 
siltstone. 
Light olive gray Sy 6/1 
mudstone with chert 
grains. 
Light olive gray Sy 6/1 
siltstone, silica 
grains. 
Light olive gray Sy 6/1 
silty mudstone, basalt. 
Light olive gray Sy 6/1 
mudstone, volcanic 
fragments, chert grains. 
Light olive Sy 6/1 
mudstone, tuffaceous, 
mica, pyrite. 
Light olive gray Sy 6/1 
Mudstone, micaceous. 
Light olive gray Sy 6/1 
mudstone, micaceous. 








Pale olive lOy S/4 
sandstone, micaceous, 
calcite. 
IW 12 2700 
IW 11 2770 





















Arco Oil and Gas Company 















Yellowish gray Sy 7/2 
mudstone, micaceous. 
Light olive gray Sy 6/1 
mudstone, micaceous. 
tuff. 
Light olive gray Sy 6/1 
mudstone, micaceous, 
tuff. 
Pale olive lOy 6/2 
tuffaceous siltstone. 
Pale olive 10 y 6/2 
tuffaceous, siltstone. 
Light olive gray Sy 6/1 
tuffaceous siltstone. 
Pale yellowish brown 10 
yr 6/2, sandstone, 
coarse grained, volcanic 
fragments. 
Light olive gray Sy 6/1 
siltstone, micaceous, 
tuffaceous. 




Greenish gray S Gy 6/1 
siltstone, micaceous, 
tuff. 
Light olive gray Sy 5/2 
siltstone, volcanic 
fragments, tuff, 
calcite, pyrite, mica. 





















Greenish gray S Gy 6/1 
siltstone, volcanic 
fragments, pyrite. 




Greenish gray 5 GY 6/1 
siltstone, volcanic 
fragments, pyrite. 




Greenish gray 5 Gy 6/1 
siltstone, tuffaceous, 
volcanic fragments, 
calcite, pyrite, quartz. 
Greenish gray s Gy 6/1 
sandy siltstone, quartz, 
mica, volcanic 
fragments. 
Light olive gray Sy 6/1 
mudstone, calcite, 
volcanic fragments. 
Greenish gray s 6Y 6/1 
siltstone with volcanic 
fragments. 




Light olive gray Sy 6/1 
siltstone with volcanic 
fragments. 
Light olive gray Sy 6/1 




Dark greenish gray 5 Gy 
















Exxon Company - USA 




















Light olive gray 5y 5/2 
siltstone, micaceous. 
Light olive gray 5y 5/2 
siltstone, volcanic 
fragments. 
Light olive gray 5y 5/2 
siltstone, volcanic 
fragments. 
Grayish olive lOY 4/2 
siltstone, volcanic 
fragments. 













Olive gray 5y 4/1 
Silty sandstone, 
volcanic fragments, 
trace of pyrite, 
tuffaceous. 
Light olive gray 5y 5/2 
siltstone, volcanic 
fragments, trace of 
pyrite. 
GPE 11 4400 
GPE 12 4SOO 
GPE 13 4600 
GPE 14 4700 
GPE l 7500 
GPE 2 7600 
GPE 3 7700 
GPE 4 7800 
GPE S 7900 
GPE 6 8000 
GPE 7 8100 
GPE 23 9700-20 
GPE 24 9800 
GPE 2S 9900 
Grayish olive 10 y 4/2 
siltstone, volcanic 
fragments, trace of 
pyrite. 
9S 
Dark yellowish brown 10 
yr 4/2, volcanic sand, 
calcite, basalt. 
rhyolite. 
Olive gray Sy 4/1 
volcanic sand, basalt, 
rhyolite, trace of 
pyrite. 
Light olive gray Sy S/2 
Siltstone, basalt. 
Light olive gray 5y S/2 
mudstone, volcanic 
fragments, calcite. 
Light olive gray Sy S/2 
siltstone, micaceous, 
volcanic fragments. 




Light olive gray Sy S/2 
siltstone, tuffaceous, 
volcanic fragments. 
Olive gray Sy 4/1 
siltstone, volcanic 
fragments. 
Olive gray Sy 4/1 
siltstone, volcanic 
fragments. 
Olive gray 5y 4/1 
Volcanic sandstone. 
Basalt 
Light olive gray Sy S/2 
mudstone, tuffaceous, 
volcanic fragments. 








GPE 27 10,SOO Olive gray Sy 4/1 
Siltstone, volcanic 
fragments, tuffaceous. 
GPE 28 11,000 Olive gray Sy 4/1 
silty, volcanic 
fragments, pyrite. 






Core Sample Description 





Dusky yellow green 5 Gy 
5/2, conglomeritic sand, 
with basalt, rhyolite, 
fossil fragments, mica, 
calcite. 
Dark greenish gray 5 Gy 
4/1, mudstone, micaceuos, 
fossiliferous 
(Bulimina microcostata). 
